A coarse grained description of a two phase fluid is used to study the steady state configuration of the interface separating the coexisting phases, and the motion of the contact line at which the interface intersects a solid boundary.
The scaling results are verified by direct numerical solution of the governing equations.
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Typeset using REVT E X Consider a binary fluid below its phase separation point in a "slot" or "slab" geometry.
The fluid is sheared by the displacement of the two planar and parallel solid boundaries.
The two bulk phases are advected by the local flow, and are separated by a curved interface that terminates at the two solid boundaries (at least as long as the applied shear is not too strong). We employ a coarse-grained or mesoscopic description of the two phase fluid [1, 2] to obtain the steady state interface configuration, and, in particular, to study the motion of the interface in the vicinity of the solid boundary (contact line motion). Our description is complementary to classical macroscopic approaches in that it captures length scales down to the size of the thermal correlation length (of nearly microscopic dimensions if the fluid is away from any critical point). We argue that dissipation associated with local order parameter relaxation gives rise to a characteristic length scale l 0 , which is much larger than characteristic molecular dimensions. Dissipation within this scale precludes the formation of regions of large curvature near solid boundaries by inducing contact line motion, even in the absence of microscopic slip. Such a relaxation effectively prevents the formation of stress singularities at the contact line [3] .
We study a two dimensional system (i.e., we assume translational invariance in the third direction) consisting of an incompressible binary mixture confined between two planar walls of infinite extent located at x = ±L/2. For simplicity, in the numerics we consider the case of a 90 o equilibrium contact angle so that y = 0 is the location of the static interface in the absence of shear. However, our conclusions are valid for the more general case of an arbitrary (but finite) contact angle, i.e., when the fluid is not close to a wetting transition or in a regime of complete wetting. The bounding planes at x = ±L/2 are displaced with constant velocity ∓V 0 /2ŷ along their own plane, and we study the steady state interface configuration in terms of V 0 , L, and the physical parameters of the fluid. We consider a coarse grained description of the binary fluid [4] [5] [6] [7] , and introduce the order parameter φ such that φ = φ + > 0 for one phase, and φ = φ − < 0 for the other. The nominal position of the interface can be conveniently defined as the locus φ = 0. The temporal evolution of the order parameter is assumed to be governed by,
where v is the fluid velocity, and µ = δF/δφ, where F [φ] is the coarse grained free energy functional, and δ/δφ stands for variational differentiation. M is a mobility coefficient assumed to be constant. The velocity v obeys a modified Navier-Stokes equation,
where ρ and η are the density and shear viscosity of the fluid, assumed to be independent of φ, and p is the pressure. The second term on the right hand side of Eq. (2) incorporates the effects of capillarity. For the free energy functional we choose the standard form
The first term represents the excess free energy due to spatial inhomogeneities of the order parameter, and f (φ) is the local part of the free energy density. Generalizations involving, say, higher gradients and forcing due to shortranged wall interactions can be incorporated.
Following, for example, Refs. [9, 8] , several useful physical quantities follow from this coarse grained description. The surface tension σ is the excess free energy of an inhomogeneous system having a flat two-phase interface compared to that of the homogeneous phases. is µ = −σ/R c ∆φ, where ∆φ = φ + − φ − is the order parameter discontinuity (miscibility gap) across the interface. An important property of the mesoscopic description is the finite interfacial thickness which is proportional to ξ = K/ (∂ 2 f /∂φ 2 ) φ ± . Since we assume that the fluid is far from criticality (the de-mixing point of this binary mixture), ξ is nearly of microscopic (molecular) dimensions.
We focus here on moderate shear rates such that the interface is gently curved in the steady state, i.e., ξ/R c ≪ 1, a limit commonly realized in practice. In this limit, the order parameter profile in the direction normal to the interface can be approximated by that corresponding to a flat interface, except for distances away from the wall of the order of ξ.
The effect of the applied shear on the steady state interface configuration can be illustrated through dimensional analysis alone. Consider a length scale l, and define dimensionless (barred) quantities and operators at that scale in the following way:
Then the steady state order parameter satisfies, P ev ·∇φ =∇ 2μ . On small scales l ∼ ξ, P e becomes very small and∇ 2μ = 0.
This equation determines the equilibrium interfacial profile, and, hence, the effect of the shear is negligible. If, on the other hand, l ∼ L → ∞, then∇φ ·v = 0, corresponding either to a homogeneous configuration, or to an interface parallel to the flow direction for a system without boundaries. On an intermediate length scale
advection balances order parameter diffusion, and this is the length scale of interest in this paper.
We consider first a passively advected interface under an imposed shear v(r) = V s (r) = −xV 0 /Lĵ, so that Eq. (1) is the only equation of motion. In order to derive a steady state interface equation, Eq. (1) in the steady state is written in integral form,
where G(r, r ′ ) is the Green's function of the Laplacian operator satisfying Neumann boundary conditions at x = ±L/2 [10] . In two dimensions the Green's function is dimensionless.
Let the position of the nominal interface be r I = y I (x)ĵ + xî, whereî andĵ are unit vectors.
We introduce a local coordinate system in which s is the arc length along the interface, (s = 0 at x = −L/2), and g is the coordinate along the local normal. Then each point near the interface is expressed in the new coordinate system as r(g, s) = gn + r I (s), wheren is the unit normal and r I is on the nominal interface. When distances of interest are large compared to ξ, one can consider the so-called sharp interface limit in which ∇φ ≃ ∆φδ(r − r(s))n, and φ(g, s) = φ ± for g > (<) 0.
[11] Using now standard methods (see, e.g., Ref. [9, 11] ), one multiplies Eq. (3) by ∂φ/∂g and integrates over g across the interface to derive an equation that depends on the coordinates of the interface alone. The result is,
where we have now scaled lengths by 
Hence the interface configuration is solely determined by the dimensionless number (l 0 /L) 2 ,
and by the equilibrium boundary conditions on the order parameter at x = ±L/2. However, since Eq. (4) is only valid on length scales large compared to ξ, we have numerically solved
Eq.
(1) to verify the above scaling form, as well as to determine the approach to this scaling form as ξ/l 0 → 0. The numerical algorithm has been described elsewhere [4] . The fluid is in a rectangular domain −L/2 ≤ x ≤ L/2 and −3L/2 ≤ y ≤ 3L/2, with boundary conditionŝ n · ∇φ = 0 andn · ∇(∇ 2 φ) = 0 at x = ±L/2, and φ = φ ± at y = ±3L/2. (The corresponding equilibrium contact angle is π/2; the boundary conditions also ensure no flux of φ through the lateral walls.) The interface is initially located at y = 0, and we integrate (1) forward in time until a stationary configuration is reached. The the local part of free energy density is the standard double well potential [4] , and a square grid has been used of side no larger than ξ/3 so that the relative error in the location of the interface is 5 % or less. We show our results for the steady interface in Fig. 1 . The interface configuration is shown for fixed l 0 /L, but for a range of values of l 0 /ξ. The curves tend to superpose as l 0 /ξ becomes larger in agreement with the scaling predictions.
We further note that in the limit of small V 0 , Eq. (4) can be expanded in powers of (L/l 0 ) in powers of δ = 1/2 + X one finds, 
Repeated indices are summed, and T ij is the Oseen tensor [13] . A capillary number has been defined as Ca = ηV 0 /σ, n
is the ith component of the unit normal to the interface at X ′ , and dS(X)/dX = 1 + (dY I (X)/dX) 2 . This interface equation suggests in turn the following scaling form,
In the limit Ca → ∞, the passive case is recovered (Eq. (4)).
We have verified this scaling form by direct numerical solution of Eqs. (1) and (2) subject to the boundary conditions given: no-slip at x = ±L/2, and v = V s at y = ±3L/2. We can now make contact with previous studies of the moving contact line that were based on standard macroscopic equations [3, 14, 15] . Equation (8) can also be written in the
. Now choose the origin such that one wall is located at x = 0, the other at x = L. In the limit x/L ≪ 1 but x/l 0 ≫ 1, one expects that the dependence of the curvature at the contact line on both L and l 0 is weak. If the leading behavior is such that the curvature is independent of both L and l 0 , then the scaling function reduces tof 2 ∼f 3 (Ca)l 0 /x. Using the fact thatf 3 (Ca) vanishes linearly with Ca for small Ca, as can be shown by examining Eq. (7) [16], this relation can be integrated to
where A 0 is a constant, and x 0 /l 0 ≫ 1. This "outer solution", valid for small capillary number and x/l 0 ≫ 1, agrees with the classical solution given, for example, in [15] . Note, however. that Eq. 7 is valid not only in this "outer region," but also when x is of the order of l 0 or smaller (but still larger than ξ). When the distance to the wall is comparable to the interface thickness O(ξ), the configuration of the two-phase fluid follows from the full solution for the order parameter distribution and cannot be simply described by location of the nominal interface (the zeros of the order parameter φ).
Finally, we note that a similar coarse-grained approach has been used to study contact line motion [17, 18] . However, the focus of that work was on deducing the macroscopic boundary conditions that would follow from the coarse grained formulation. In our notation, this corresponds to studying the limit l 0 → 0, ξ/l 0 → 0. On the other hand, our focus is on the shape of the steady state interface in a finite system. From the scaling forms of the steady state solutions we argue that there exists a characteristic length, larger than molecular dimensions but not necessarily macroscopic, over which slip can occur purely due to diffusive relaxation of the order parameter, and that it does not necessitate microscopic slip in the immediate vicinity of the solid boundary.
[19] The length l 0 is essentially the geometric mean of a microscopic length ξ and a diffusion length, and is similar to length scales discussed in Ref. [2] .
To summarize, we have studied the steady state interface configuration for systems of 
where r = (x, y) and P = exp(−π|y − y ′ |/L).
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